Introduction
============

Development of gynecomastia among men with benign prostatic hyperplasia (BPH) treated with 5-alpha reductase inhibitors (5ARIs; finasteride and dutasteride) has been reported in various case reports and studies.[@b1-clep-9-083]--[@b5-clep-9-083] In addition, case reports and clinical trial results have suggested that treatment with 5ARIs may be associated with male breast cancer,[@b6-clep-9-083],[@b7-clep-9-083] a rare condition with a lifetime risk of 0.1%.[@b8-clep-9-083] An evidence review by the United Kingdom's (UK) national drug agency[@b9-clep-9-083] resulted in a finasteride drug warning label for breast cancer in the UK and Canada and initiation of an FDA safety probe for all 5ARIs in 2010.[@b10-clep-9-083]

To date, there have been no large observational studies of real-world data that evaluate the association between the use of 5ARIs and the risk of gynecomastia. In addition, clinical trials are neither large enough nor have long enough follow-up to identify male breast cancer cases in 5ARI users; thus, observational studies are an invaluable tool to assess this important association. We used the UK's Clinical Practice Research Datalink (CPRD), a large population-based general practice database, to conduct a cohort study with nested case--control analysis to examine the association between the use of 5ARIs and the risk of gynecomastia compared to unexposed, as well as to use of alpha blockers (ABs) for the treatment of BPH. We also conducted a case--control study to examine the association between the use of 5ARIs and the risk of male breast cancer.

Patients and methods
====================

Data source
-----------

This study was conducted using the CPRD, a large, longitudinal, population-based electronic medical record database containing data on \~10 million people.[@b11-clep-9-083],[@b12-clep-9-083] Participating general practitioners (GPs) contribute data anonymously to the CPRD, including medical diagnoses, lifestyle details, details of hospital stays and specialist visits, and deaths, as well as details of all drugs prescribed. Data in the CPRD are collected prospectively in the absence of a study hypothesis, so there is no risk of recall bias. Validation studies have demonstrated the high accuracy of clinical diagnoses.[@b13-clep-9-083]

Study population of 5ARI and AB users
-------------------------------------

We identified all men in the CPRD from 1992 through 2014 who had a diagnosis of BPH or prostatism and who received a prescription for either a 5ARI (finasteride or dustasteride) and/or an AB (alfuzosin, doxadosin, indoramin, prazosin, tamsulosin, and terazosin). ABs, an alternative pharmaceutical treatment of BPH, were included as an active comparator. Men with a diagnosis of Klinefelter syndrome at any time were excluded. Men with prostate, genital, or urinary cancer, or prostatectomy or orchiectomy prior to the first 5ARI or AB prescription were also excluded from the study population.

Gynecomastia study
------------------

From the study population, we identified the cohort of men to be followed for gynecomastia. Men entered the cohort at age ≥40 years and at least 3 years after electronic medical record start date (to allow for adequate capture of covariates and prescribing history). To be included, men were required to have no 5ARI or AB prescriptions (to restrict to new users), no previous gynecomastia diagnoses, and no diagnosis of pituitary or adrenal cancer, liver disease, renal failure, or hypogonadism (risk factors for gynecomastia) prior to cohort entry date. Additionally, men with a breast cancer diagnosis at any time were excluded.

For each patient, we calculated person-days of exposure as follows: duration of filled use of 5ARIs or ABs was calculated as the quantity of pills divided by the number of pills per day. Exposure was classified as 5ARIs (alone or in combination with ABs), ABs only, or unexposed to either 5ARIs or ABs. For each exposure, we also calculated person-days of exposure to "current" (filled use plus 30 days), "recent" (days 31--90 after the end of current use), and "past use" (days 91--150 after the end of current use) and "nonexposed" (number of days between cohort entry and censor where no 5ARI and/or AB prescriptions were received or the period after the end of past use). The censor date was defined as the first of the following: end of record, death, or date of diagnosis of prostate, urinary, genital, pituitary, or adrenal cancers, prostatectomy, orchidectomy, liver disease, renal failure, hypogonadism, or the date the man was diagnosed with gynecomastia (index date). Gynecomastia cases were men with a first diagnosis of gynecomastia recorded during follow-up. We calculated incidence rates (IRs) and incidence rate ratios (IRRs) with 95% confidence intervals (CIs) for each exposure, adjusted by age, calendar year, and prescriptions for other drugs known to be associated with gynecomastia development (e.g., cimetidine, ketoconazole, hormone replacement, goserelin, and metoclopramide).

Gynecomastia nested case--control analysis
------------------------------------------

Using the gynecomastia cases identified in the cohort study, we conducted a nested case--control analysis to carefully control for age, calendar time, and gynecomastia risk factors. We further excluded cases with cancer diagnosed within 2 years before the index date (n=28) because some cancer treatments (e.g., chemotherapy and radiation) are associated with gynecomastia development. From the study cohort, we matched up to four controls to each gynecomastia case on year of birth (±2 years), general practice attended, index date (same index date as the matched case), and start year in the CPRD (±2 years). Controls met all the same requirements as cases and could not have a gynecomastia diagnosis before the index date.

Covariates of interest included known or suspected gynecomastia risk factors, including age, calendar time, body mass index (BMI: \<18.5, 18.5--24.9, 25--29.9, ≥30 kg/m^2^, and unknown), smoking (never, smoker, ex-smoker, and unknown), hypertension, cardiovascular disease (CVD), cancer, alcohol-related disorders, and prescription drugs known to be associated with the development of gynecomastia (e.g., cimetidine, ketoconazole, hormone replacement, goserelin, and metoclopramide). We calculated crude and adjusted odds ratios (ORs) with 95% CIs. We assessed the potential for gynecomastia case misclassification in sensitivity analyses restricted to the cases with referral or treatment codes that supported the diagnosis of gynecomastia and their matched controls.

Male breast cancer study
------------------------

We conducted a nested case--control study of all breast cancer cases identified in the study population of 5ARI and AB users with no previous cancer diagnosis (except nonmelanoma skin cancer). The index date was the first breast cancer diagnosis date minus 1 year (to account for an induction period). Cases were required to have at least 2 years of recorded information in the CPRD before the index date. We matched up to 10 controls without a breast cancer diagnosis to each breast cancer case on year of birth (±2 years), general practice attended, index date (same index date as matched case), and start year in the CPRD (±2 years). Controls were subject to the same criteria as cases.

A patient was considered exposed to 5ARIs (alone or in combination with ABs) or ABs only if they received two or more prescriptions for 5ARIs or ABs before the index date. All others were nonexposed. We also evaluated timing of exposure (current, recent, and past) and number of prescriptions as a proxy for duration of use.

Covariates of interest included BMI, smoking status, prostate surgeries (i.e., transurethral resection of prostate), and gynecomastia diagnosed 2 years before the index date. We calculated crude ORs and ORs adjusted for prostate surgery and gynecomastia and 95% CIs using conditional logistic regression to estimate the risk of breast cancer in users of 5ARIs or ABs compared to nonexposed. In a sensitivity analysis to evaluate the latency period, we used an index date of 2 years prior to breast cancer diagnosis.

All statistical analyses were conducted using SAS statistical software version 9.3 (SAS Institute, Cary, NC, USA). The protocols for this study were reviewed and approved by the Independent Scientific Advisory Committee of the CPRD (protocol numbers 15_086 and 15_124). This was an observational study using anonymized electronic medical record data. Written consent from patients was not required due to the nature of this study.

Results
=======

Gynecomastia analysis
---------------------

We identified 94,701 men who were eligible for inclusion in the gynecomastia cohort, the majority of which were non-exposed at cohort entry ([Table 1](#t1-clep-9-083){ref-type="table"}). The IR of gynecomastia was 40.2 per 10,000 person-years (PY) (95% CI 35.6--45.2) for 5ARI users, 12.2 per 10,000 PY (95% CI 10.7--13.9) for users of AB only, and 7.2 per 10,000 PY (95% CI 6.7--7.8) for unexposed men. The IRRs, compared to unexposed men and adjusted for age, calendar year, and use of drugs associated with gynecomastia, were 3.55 (95% CI 3.05--4.14) for users of 5ARIs and 1.15 (95% CI 0.98--1.34) for users of AB only ([Table 2](#t2-clep-9-083){ref-type="table"}).

[Table 3](#t3-clep-9-083){ref-type="table"} presents the characteristics of cases and matched controls. The adjusted OR for gynecomastia was threefold higher for users of 5ARIs (alone or in combination with ABs) compared to nonexposed men ([Table 4](#t4-clep-9-083){ref-type="table"}). The risk remained elevated regardless of the number of 5ARI prescriptions received or exposure timing. The risk of gynecomastia was similar for men who were prescribed 5ARIs alone (adjusted OR=3.29, 95% CI 2.53--4.26) and for men who were prescribed 5ARIs in combination with ABs (adjusted OR=3.33, 95% CI 2.45--4.45). The risk was higher for dutasteride (adjusted OR=5.40, 95% CI 3.64--8.00) than for finasteride (adjusted OR=2.92, 95% CI 2.31--3.68). In contrast, there was no elevation in risk of AB only users compared to nonexposed (adjusted OR=1.01, 95% CI 0.82--1.23), and the results remained null regardless of the number of AB prescriptions or exposure timing ([Table 4](#t4-clep-9-083){ref-type="table"}).

We assessed effect modification by stratifying on presence or absence of concomitant prescriptions for drugs known to be associated with gynecomastia within 60 days of the index date ([Table 5](#t5-clep-9-083){ref-type="table"}). The reference in this analysis was unexposed men who did not have any prescriptions for drugs known to be associated with gynecomastia. The elevation in risk with 5ARI use was present with or without these concomitant prescriptions (with: adjusted OR=5.32, 95% CI 4.00--7.08 and without: adjusted OR=5.85, 95% CI 4.36--7.84). For users of ABs only, the risk of gynecomastia was elevated only in patients with these concomitant prescriptions (adjusted OR=2.66, 95% CI 2.04--3.47), while it was not elevated in AB-only users with no such prescriptions (adjusted OR=1.07, 95% CI 0.80--1.43).

The results for the sensitivity analysis to assess case misclassification, restricted to 649 (56.8%) cases with clinical codes consistent with diagnosis or treatment of gynecomastia and their matched controls, were not materially different from the main analysis.

Male breast cancer analysis
---------------------------

We identified 48 male breast cancer cases and 478 matched controls. Male breast cancer cases were more likely than controls to have had surgery on their prostate or a gynecomastia diagnosis \>2 years before the index date ([Table 6](#t6-clep-9-083){ref-type="table"}). There was no association between the use of 5ARIs or ABs and the risk of breast cancer: The adjusted OR for breast cancer with the use of 5ARIs (alone or in combination with ABs) was 1.52 (95% CI 0.61--3.80) compared to nonexposed, while the adjusted OR for use of ABs was 0.71 (95% CI 0.31--1.62; [Table 7](#t7-clep-9-083){ref-type="table"}). There were too few cases to estimate the risk of breast cancer for users of 5ARIs alone or to assess differences in risk by type of 5ARI prescribed. There was no material difference in the results when we moved the index date to the breast cancer diagnosis date minus 2 years.

Discussion
==========

We observed a greater than threefold elevation in risk of gynecomastia for users of 5ARIs (alone or in combination with ABs) in comparison to unexposed men, whereas there was no elevation of risk for men using ABs for the treatment of BPH. The increase in risk of gynecomastia with the use of 5ARIs was present regardless of number of prescriptions, timing of use, and presence of concomitant prescriptions for drugs known to be associated with gynecomastia. Among 5ARI users, the risk of gynecomastia was higher for users of dutasteride than finasteride. In contrast, our results suggest that the use of 5ARIs do not increase the risk of breast cancer in comparison to nonexposed men.

Like the results of our study, prior studies have reported increases in risk of gynecomastia with the use of 5ARIs, ranging from \~1.6 to 3.1. The PCPT Trial,[@b14-clep-9-083] a 7-year prostate cancer prevention study, reported gynecomastia occurrence of 4.5% in finasteride-treated compared to 2.8% of placebo-treated patients (*p*\<0.001; crude risk ratio \~1.6). Similarly, the REDUCE Trial,[@b15-clep-9-083] a 4-year prostate cancer prevention study, reported that gynecomastia occurred in 1.9% of dutasteride-treated compared to 1% of placebo-treated patients (*p*=0.002; crude risk ratio \~1.9). The ARIA/ARIB trial,[@b16-clep-9-083] a study of men with BPH, reported an elevated risk of gynecomastia of 3.11 (95% CI 1.78--5.45) for dutasteride compared to placebo. In a retrospective analysis[@b17-clep-9-083] of 378 men with BPH treated with 5ARIs, breast tenderness or enlargement events were reported more frequently among dutasteride (3.3%) compared to 1.5% of finasteride-treated men (risk ratio \~2.2). Finally, in a pooled analysis of published randomized, placebo-controlled clinical trials the overall rate of gynecomastia was 2.8% with 5ARIs compared to 1.6% for placebo (risk ratio \~1.8).[@b18-clep-9-083]

In the few clinical trials that reported breast cancer development, the incidence of breast cancer was \<0.3% of men taking 5ARIs.[@b18-clep-9-083] Results of previously published observational studies on breast cancer and 5ARI use have been null. Results of a case--control study of 339 cases using the US IMS LifeLink Health Plan claims database from 2001 to 2009[@b19-clep-9-083] indicated no increase in the risk of breast cancer associated with 5ARI use (OR=0.70, 95% CI 0.34--1.45). Results from a case--control study[@b20-clep-9-083] using the CPRD (n=398 cases) with a 6-month latency period and adjusting for history of lymphoma, gynecomastia, testicular cancer, and treatment with luteinizing hormone-releasing hormone blockers were also null for ever users of 5ARIs compared to never users (OR=1.08, 95% CI 0.62--1.87); the risk did not change with increased duration of 5ARI use. More recently, a cohort study using The Prescribed Drug Register in Sweden[@b21-clep-9-083] reported no increase in the risk of breast cancer for 5ARI or AB users compared to unexposed (5ARI hazard ratio \[HR\]=0.74, 95% CI 0.27--2.03; AB HR=1.47, 95% CI 0.73--2.95) after a median 6 years of follow-up.

Strengths of our study included use of the CPRD, a large, validated, longitudinal primary care database known for high accuracy of diagnoses and completeness of drug prescribing data. All information in the CPRD is recorded in the absence of a study hypothesis; therefore, there is no risk of recall bias. Our study results found known risk factors to be independently associated with gynecomastia and breast cancer, providing confidence in the quality of the data. In addition to 5ARIs, we also evaluated an alternative treatment of BPH and found that there was no increase in the risk of gynecomastia in users of ABs in comparison to unexposed men, whereas there was a threefold elevation in risk for users of 5ARIs compared to unexposed men. The inclusion of ABs as an active comparator provides reassurance that the elevation in risk observed in users of 5ARIs is not the result of confounding by indication. We further controlled our analyses for a range of potential confounders. By excluding men who had insufficient history in their medical record before cohort entry, we reduced the risk of including men who had prior exposure to a study drug before cohort entry, or with prevalent, rather than incident, gynecomastia, or breast cancer. Finally, the initial population of men prescribed 5ARIs and ABs for BPH (n=94,701) was very robust, allowing us to evaluate the role of effect modification in the association between 5ARI use and risk of gynecomastia while still retaining adequate power. This is not possible in clinical trials given their smaller size. To date, the majority of information on the use of 5ARIs and the risk of gynecomastia has been derived from clinical trial adverse event reporting; thus, this study represents the first large, observational study of real-world data to evaluate this association.

There are some limitations to consider. We may have missed some gynecomastia or breast cancer cases; however, in the case--control analyses, missing cases should not impact estimates as it is not necessary to include all cases. Gynecomastia has been documented in clinical trials as an adverse event associated with the use of 5ARIs; therefore, men prescribed 5ARIs may have been more likely than men treated with ABs or unexposed men to be screened and diagnosed with gynecomastia (detection bias). If true, our results may overestimate the true effect of 5ARIs. However, the sensitivity analysis restricted to gynecomastia cases with supporting clinical codes produced similar results to the full analysis (OR=3.03 vs OR=3.31). In addition, there was a greater than fivefold increase in risk of gynecomastia in users of 5ARIs, regardless of whether or not they received other prescription drugs known to be associated with gynecomastia, whereas we observed a 2.5 times greater risk of gynecomastia among the stratum of unexposed men and AB users with concomitant prescriptions for drugs known to be associated with gynecomastia. This suggests that detection bias does not explain our findings of increased risk of gynecomastia with the use of 5ARIs. Finally, our study population was composed of men with a diagnosis of BPH in the UK. Results from clinical trials conducted in many non-UK countries, which evaluated the efficacy of 5ARIs for the treatment of alopecia or the prevention of prostate cancer, have also reported increased rates of gynecomastia with the use of 5ARIs compared to placebo,[@b18-clep-9-083] suggesting that the increased risk of gynecomastia is independent of indication for 5ARI use and unlikely to be sensitive to variation in BPH diagnosis across different countries. Therefore, these results should be generalizable to men with BPH outside the UK.

Conclusion
==========

In a large, UK population-based electronic medical record database, the risk of gynecomastia was three times higher in men aged ≥40 years who used 5ARIs for the treatment of BPH compared to nonusers. These results are similar to previous studies that reported an increased risk of gynecomastia with the use of 5ARIs. In contrast, where prior case reports have raised concern about breast cancer with the use of 5ARIs, our results suggest that there is no increased risk of breast cancer among men using 5ARIs in comparison to unexposed men.
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###### 

Characteristics of gynecomastia cohort (N=94,701)

  Characteristics                                                         n (%)
  ----------------------------------------------------------------------- ---------------
  Age (years) at cohort entry[a](#tfn1-clep-9-083){ref-type="table-fn"}   
   40--49                                                                 16,160 (17.1)
   50--59                                                                 28,751 (30.4)
   60--69                                                                 30,626 (32.3)
   70--79                                                                 16,109 (17.0)
   80--89                                                                 2922 (3.1)
   ≥90                                                                    133 (0.1)
  Year of cohort entry                                                    
   \<1995                                                                 46,056 (48.6)
   1995--1999                                                             26,533 (28.0)
   2000--2004                                                             13,957 (14.7)
   2005--2009                                                             6705 (7.1)
   ≥2010                                                                  1450 (1.5)
  Length of follow-up (years)                                             
   \<1                                                                    877 (0.9)
   1--4                                                                   9947 (10.5)
   5--9                                                                   21,383 (22.6)
   10--14                                                                 28,417 (30.0)
   ≥15                                                                    34,077 (36.0)
  BMI at cohort entry (kg/m^2^)                                           
   \<18.5                                                                 669 (0.7)
   18.5--24.9                                                             30,606 (32.3)
   25--29.9                                                               41,777 (44.1)
   ≥30                                                                    15,661 (16.5)
   Unknown                                                                5988 (6.3)
  Smoking status at cohort entry                                          
   Nonsmoker                                                              36,844 (38.9)
   Smoker                                                                 15,968 (16.9)
   Ex-smoker                                                              15,556 (16.4)
   Unknown                                                                26,333 (27.8)
  Comorbidities at cohort entry                                           
   Hypertension                                                           17,658 (18.7)
   Diabetes                                                               4680 (4.9)
   Hyperlipidemia                                                         6248 (6.6)
   Cardiovascular disease                                                 14,734 (15.6)
   Benign prostatic hyperplasia                                           5187 (5.5)
   Cancer                                                                 1443 (1.5)
   Hyperthyroid                                                           403 (0.4)
  Exposure on cohort entry date                                           
   Unexposed                                                              94,688 (99.9)
   5ARI                                                                   1 (0.0)
   AB                                                                     12 (0.1)

**Note:**

Cohort entry was defined as age ≥40 years and 3 years after the start of the patient's electronic record.

**Abbreviations:** BMI, body mass index; 5ARI, 5-alpha reductase inhibitor; AB, alpha blocker.

###### 

Cohort analysis: IRs and IRRs for gynecomastia by exposure

  Characteristics                                      Nonexposed   5ARI (alone or in combination with AB)   AB only                                                                                                                    
  ---------------------------------------------------- ------------ ---------------------------------------- ------------------- ----------- ----- -------- ------------------- ------------------- ----- --------- ------------------- -------------------
  Age group (years)                                                                                                                                                                                                                     
   40--59                                              117          320,462                                  3.7 (3.0--4.4)                  13    4382     29.7 (15.8--50.7)                       14    24,961    5.6 (3.1--9.4)      
   60--79                                              472          546,931                                  8.6 (7.9--9.4)                  169   46,922   36.0 (30.8--41.9)                       162   127,329   12.7 (10.8--14.8)   
   ≥80                                                 84           68,171                                   12.3 (9.8--15.3)                94    17,340   54.2 (43.8--66.3)                       45    28,749    15.7 (11.4--20.9)   
  Calendar time                                                                                                                                                                                                                         
   \<1995                                              43           80,264                                   5.4 (3.9--7.2)                  1     906      11.0 (0.1--61.4)                        1     1326      7.5 (0.1--41.9)     
   1995--1999                                          127          268,265                                  4.7 (3.9--5.6)                  15    6109     24.6 (13.7--40.5)                       8     14,326    5.6 (2.4--11.0)     
   2000--2004                                          229          292,890                                  7.8 (6.8--8.9)                  48    11,554   41.5 (30.6--55.1)                       54    46,864    11.5 (8.7--15.0)    
   2005--2009                                          187          212,790                                  8.8 (7.6--10.1)                 110   24,627   44.7 (36.7--53.8)                       86    64,241    13.4 (10.7--16.5)   
   ≥2010                                               87           81,354                                   10.7 (8.6--13.2)                102   25,450   40.1 (32.7--48.7)                       72    54,282    13.3 (10.4--16.7)   
  Drugs known to be associated with gynecomastia                                                                                                                                                                                        
   No                                                  273          752,866                                  3.6 (3.2--4.1)                  137   47,820   28.6 (24.1--33.9)                       80    126,944   6.3 (5.0--7.8)      
   Yes                                                 400          182,697                                  21.9 (19.8--24.1)               139   20,825   66.7 (56.1--78.8)                       141   54,096    26.1 (21.9--30.7)   
  Total crude                                          673          935,563                                  7.2 (6.7--7.8)      1.0 (ref)   276   68,645   40.2 (35.6--45.2)   5.59 (4.86--6.43)   221   181,040   12.2 (10.7--13.9)   1.70 (1.46--1.98)
  Adjusted[a](#tfn3-clep-9-083){ref-type="table-fn"}                                                                             1.0 (ref)                                      3.55 (3.05--4.14)                                       1.15 (0.98--1.34)

**Note:**

Adjusted for age group, calendar time, and drugs known to be associated with gynecomastia.

**Abbreviations:** IR, incidence rate; IRR, incidence rate ratio; 5ARI, 5-alpha reductase inhibitor; AB, alpha blocker; PY, person-years; CI, confidence interval; ref, reference.

###### 

Gynecomastia-nested case--control analysis: characteristics by case/control status

  Characteristics                                                               Gynecomastia cases, n=1142, n (%)   Controls, n=4164, n (%)   Univariate OR (95% CI)
  ----------------------------------------------------------------------------- ----------------------------------- ------------------------- --------------------------------------------
  Age (years) at index date                                                                                                                   
   40--49                                                                       17 (1.5)                            67 (1.6)                  [a](#tfn5-clep-9-083){ref-type="table-fn"}
   50--59                                                                       124 (10.9)                          479 (11.5)                [a](#tfn5-clep-9-083){ref-type="table-fn"}
   60--69                                                                       386 (33.8)                          1423 (34.2)               [a](#tfn5-clep-9-083){ref-type="table-fn"}
   70--79                                                                       397 (34.8)                          1457 (35.0)               [a](#tfn5-clep-9-083){ref-type="table-fn"}
   80--89                                                                       203 (17.8)                          698 (16.8)                [a](#tfn5-clep-9-083){ref-type="table-fn"}
   ≥90                                                                          15 (1.3)                            40 (1.0)                  [a](#tfn5-clep-9-083){ref-type="table-fn"}
   Mean ± SD                                                                    70.5±9.4                            70.2±9.4                  [a](#tfn5-clep-9-083){ref-type="table-fn"}
  Index year                                                                                                                                  
   \<1995                                                                       45 (3.9)                            172 (4.1)                 [a](#tfn5-clep-9-083){ref-type="table-fn"}
   1995--1999                                                                   147 (12.9)                          546 (13.1)                [a](#tfn5-clep-9-083){ref-type="table-fn"}
   2000--2004                                                                   324 (28.4)                          1209 (29.0)               [a](#tfn5-clep-9-083){ref-type="table-fn"}
   2005--2009                                                                   374 (32.8)                          1358 (32.6)               [a](#tfn5-clep-9-083){ref-type="table-fn"}
   ≥2010                                                                        252 (22.1)                          879 (21.1)                [a](#tfn5-clep-9-083){ref-type="table-fn"}
  Length of record before index date (years)                                                                                                  
   Mean ± SD                                                                    12.6±5.4                            12.4±5.4                  [a](#tfn5-clep-9-083){ref-type="table-fn"}
  BMI (kg/m^2^)                                                                                                                               
   \<18.5                                                                       16 (1.4)                            42 (1.0)                  1.29 (0.71--2.32)
   18.5--24.9                                                                   374 (32.8)                          1263 (30.3)               1.0 (ref)
   25--29.9                                                                     452 (39.6)                          1843 (44.3)               0.84 (0.72--0.98)
   ≥30                                                                          261 (22.9)                          812 (19.5)                1.10 (0.92--1.33)
   Unknown                                                                      39 (3.4)                            204 (4.9)                 0.65 (0.45--0.94)
   Mean ± SD                                                                    27.2±5.2                            27.0±4.3                  
  Smoking status                                                                                                                              
   Nonsmoker                                                                    438 (38.4)                          1654 (39.7)               1.0 (ref)
   Smoker                                                                       108 (9.5)                           522 (12.4)                0.78 (0.62--0.99)
   Ex-smoker                                                                    540 (47.3)                          1740 (41.8)               1.18 (1.02--1.38)
   Unknown                                                                      56 (4.9)                            248 (6.0)                 0.82 (0.58--1.15)
  Comorbidities                                                                                                                               
   Hypertension                                                                 464 (40.6)                          1572 (37.8)               1.13 (0.98--1.29)
   Diabetes                                                                     136 (11.9)                          481 (11.6)                1.03 (0.84--1.26)
   Hyperlipidemia                                                               269 (23.6)                          772 (18.5)                1.38 (1.17--1.63)
   Cardiovascular disease                                                       517 (45.3)                          1386 (33.3)               1.71 (1.49--1.97)
   Benign prostatic hyperplasia                                                 555 (48.6)                          1785 (42.9)               1.27 (1.10--1.46)
   Orchitis                                                                     66 (5.8)                            214 (5.1)                 1.15 (0.86--1.53)
   Alcohol-related disorders                                                    56 (4.9)                            159 (3.8)                 1.32 (0.96--1.81)
   Cancer \>2 years before index date                                           55 (4.8)                            131 (3.2)                 1.56 (1.12--2.16)
   Hyperthyroid                                                                 10 (0.9)                            29 (0.7)                  1.26 (0.61--2.62)
   Drugs associated with gynecomastia prescribed within 60 days of index date   658 (57.6)                          1567 (37.6)               2.35 (2.05--2.70)

**Note:**

Matching variable.

**Abbreviations:** OR, odds ratio; CI, confidence interval; BMI, body mass index; ref, reference.

###### 

Case--control analysis: 5ARI and AB exposure among gynecomastia cases and matched controls

  Exposure                                Gynecomastia cases, n=1142, n (%)   Controls, n=4164, n (%)   Crude OR (95% CI)    Adj OR[a](#tfn7-clep-9-083){ref-type="table-fn"} (95% CI)
  --------------------------------------- ----------------------------------- ------------------------- -------------------- -----------------------------------------------------------
  Nonexposed                              661 (57.9)                          2855 (68.6)               1.0 (ref)            1.0 (ref)
  5ARI (only or in combination with AB)   272 (23.8)                          394 (9.5)                 3.26 (2.69--3.97)    3.31 (2.66--4.10)
   Finasteride                            198 (17.3)                          322 (7.7)                 2.87 (2.32--3.54)    2.92 (2.31--3.68)
   Dutasteride                            74 (6.5)                            72 (1.7)                  5.42 (3.74--7.85)    5.40 (3.64--8.00)
  AB only                                 209 (18.3)                          915 (22.0)                1.04 (0.87--1.25)    1.01 (0.82--1.23)
  Number of prescriptions                                                                                                    
  Nonexposed                              661 (57.9)                          2855 (68.6)               1.0 (ref)            1.0 (ref)
  5ARI (only or in combination with AB)                                                                                      
   1 prescription                         8 (0.7)                             14 (0.3)                  2.72 (1.12--6.60)    2.33 (0.94--5.79)
   2--9 prescriptions                     82 (7.2)                            92 (2.2)                  4.14 (3.01--5.69)    4.27 (3.03--6.01)
   10--19 prescriptions                   73 (6.4)                            90 (2.2)                  3.72 (2.66--5.21)    3.82 (2.67--5.47)
   20--29 prescriptions                   46 (4.0)                            48 (1.2)                  4.44 (2.89--6.82)    4.60 (2.92--7.26)
   ≥30 prescriptions                      63 (5.5)                            150 (3.6)                 1.95 (1.41--2.70)    1.89 (1.33--2.69)
  AB only                                                                                                                    
   1 prescription                         9 (0.8)                             47 (1.1)                  0.91 (0.44--1.88)    0.93 (0.45--1.95)
   2--9 prescriptions                     54 (4.7)                            192 (4.6)                 1.23 (0.89--1.69)    1.20 (0.86--1.68)
   10--19 prescriptions                   40 (3.5)                            175 (4.2)                 1.04 (0.73--1.50)    1.04 (0.71--1.53)
   20--29 prescriptions                   39 (3.4)                            118 (2.8)                 1.50 (1.03--2.19)    1.37 (0.93--2.03)
   ≥30 prescriptions                      67 (5.9)                            383 (9.2)                 0.80 (0.61--1.07)    0.77 (0.57--1.03)
  Exposure timing                                                                                                            
  Nonexposed                              661 (57.9)                          2855 (68.6)               1.0 (ref)            1.0 (ref)
  5ARI (only or in combination with AB)                                                                                      
   Current                                240 (21.0)                          368 (8.8)                 3.09 (2.53--3.79)    3.14 (2.51--3.92)
   Recent                                 23 (2.0)                            19 (0.5)                  5.49 (2.93--10.30)   6.64 (3.39--12.98)
   Past                                   9 (0.8)                             7 (0.2)                   5.12 (1.89--13.88)   3.83 (1.34--10.91)
  AB only                                                                                                                    
   Current                                185 (16.2)                          796 (19.1)                1.06 (0.87--1.28)    1.02 (0.83--1.26)
   Recent                                 11 (1.0)                            79 (1.9)                  0.62 (0.33--1.19)    0.59 (0.30--1.16)
   Past                                   13 (1.1)                            40 (1.0)                  1.53 (0.81--2.89)    1.45 (0.75--2.78)

**Notes:**

Adjusted for body mass index, smoking status, hypertension, hyperlipidemia, cardiovascular disease, cancer, alcohol-related disorders, benign prostatic hyperplasia, and drugs known to be associated with gynecomastia prescribed within 60 days prior to the index date, conditional on the matching factors.

**Abbreviations:** 5ARI, 5-alpha reductase inhibitor; AB, alpha blocker; adj OR, adjusted odds ratio; ref, reference; CI, confidence interval.

###### 

Gynecomastia case--control analysis: 5ARI and AB exposure among gynecomastia cases and matched controls, stratified by use of drugs known to be associated with gynecomastia

  Exposure                                Gynecomastia cases, n=1142, n (%)   Controls, n=4164, n (%)   Crude OR (95% CI)   Adj OR[a](#tfn10-clep-9-083){ref-type="table-fn"} (95% CI)
  --------------------------------------- ----------------------------------- ------------------------- ------------------- ------------------------------------------------------------
  Nonexposed                                                                                                                
   No gyn drugs                           269 (23.6)                          1849 (44.4)               1.0 (ref)           1.0 (ref)
   Gyn drugs                              392 (34.3)                          1006 (24.2)               2.93 (2.44--3.52)   2.79 (2.32--3.36)
  5ARI (only or in combination with AB)                                                                                     
   No gyn drugs                           136 (11.9)                          212 (5.1)                 5.35 (4.08--7.01)   5.32 (4.00--7.08)
   Gyn drugs                              136 (11.9)                          182 (4.4)                 6.31 (4.77--8.35)   5.85 (4.36--7.84)
  AB only                                                                                                                   
   No gyn drugs                           79 (6.9)                            536 (12.9)                1.09 (0.82--1.44)   1.07 (0.80--1.43)
   Gyn drugs                              130 (11.4)                          379 (9.1)                 2.85 (2.21--3.68)   2.66 (2.04--3.47)

**Notes:** Gyn drugs: drugs known to be associated with gynecomastia development.

Adjusted for body mass index, smoking status, hypertension, hyperlipidemia, cardiovascular disease, cancer, alcohol-related disorders, and benign prostatic hyperplasia, conditional on the matching factors.

**Abbreviations:** 5ARI, 5-alpha reductase inhibitor; AB, alpha blocker; adj OR, adjusted odds ratio; ref, reference; CI, confidence interval.

###### 

Breast cancer: characteristics of cases and controls

  Characteristics                                                 Breast cancer cases, n=48, n (%)   Controls, n=478, n (%)   Univariate OR (95% CI)
  --------------------------------------------------------------- ---------------------------------- ------------------------ ---------------------------------------------
  Age (years) at index date                                                                                                   
   40--49                                                         1 (2.1)                            10 (2.1)                 [a](#tfn12-clep-9-083){ref-type="table-fn"}
   50--59                                                         4 (8.3)                            42 (8.8)                 [a](#tfn12-clep-9-083){ref-type="table-fn"}
   60--69                                                         8 (16.7)                           88 (18.4)                [a](#tfn12-clep-9-083){ref-type="table-fn"}
   70--79                                                         20 (41.7)                          198 (41.4)               [a](#tfn12-clep-9-083){ref-type="table-fn"}
   80--89                                                         15 (31.3)                          140 (29.3)               [a](#tfn12-clep-9-083){ref-type="table-fn"}
   Mean ± SD                                                      73.2±9.9                           73.1±9.9                 [a](#tfn12-clep-9-083){ref-type="table-fn"}
  Index year                                                                                                                  
   \<1995                                                         1 (2.1)                            10 (2.1)                 [a](#tfn12-clep-9-083){ref-type="table-fn"}
   1995--1999                                                     8 (16.7)                           80 (16.7)                [a](#tfn12-clep-9-083){ref-type="table-fn"}
   2000--2004                                                     13 (27.1)                          128 (26.8)               [a](#tfn12-clep-9-083){ref-type="table-fn"}
   2005--2009                                                     14 (29.2)                          140 (29.3)               [a](#tfn12-clep-9-083){ref-type="table-fn"}
   ≥2010                                                          12 (25.0)                          120 (25.1)               [a](#tfn12-clep-9-083){ref-type="table-fn"}
  Length of record before index date (years)                                                                                  
   Mean ± SD                                                      11.2±5.9                           11.3±5.8                 [a](#tfn12-clep-9-083){ref-type="table-fn"}
  BMI (kg/m^2^)                                                                                                               
   \<18.5                                                         1 (2.1)                            9 (1.9)                  1.02 (0.12--8.56)
   18.5--24.9                                                     15 (31.3)                          145 (30.3)               1.0 (ref)
   25--29.9                                                       25 (52.1)                          219 (45.8)               1.10 (0.56--2.16)
   ≥30                                                            7 (14.6)                           85 (17.8)                0.81 (0.31--2.08)
   Unknown                                                        0 (0.0)                            20 (4.2)                 [b](#tfn13-clep-9-083){ref-type="table-fn"}
  Smoking status                                                                                                              
   Nonsmoker                                                      18 (37.5)                          192 (40.2)               1.0 (ref)
   Smoker                                                         5 (10.4)                           59 (12.3)                0.91 (0.32--2.56)
   Ex-smoker                                                      3 (6.3)                            32 (6.7)                 1.25 (0.62--2.49)
   Unknown                                                        22 (45.8)                          195 (40.8)               0.95 (0.25--3.57)
  Comorbidities                                                                                                               
   Hypertension                                                   16 (33.3)                          174 (36.4)               0.86 (0.44--1.68)
   Diabetes                                                       3 (6.3)                            66 (13.8)                0.42 (0.13--1.39)
   Hyperlipidemia                                                 6 (12.5)                           83 (17.4)                0.65 (0.26--1.66)
   Cardiovascular disease                                         16 (33.3)                          165 (34.5)               0.95 (0.49--1.82)
   Benign prostatic hyperplasia                                   22 (45.8)                          211 (44.1)               1.09 (0.57--2.09)
   Gynecomastia (diagnosed more than 2 years before index date)   3 (6.3)                            4 (0.8)                  [b](#tfn13-clep-9-083){ref-type="table-fn"}
   Alcohol-related disorders                                      1 (2.1)                            16 (3.4)                 0.60 (0.08--4.84)
   Prostate surgery                                               8 (16.7)                           33 (6.9)                 3.07 (1.23--7.63)

**Notes:**

Matching variable.

Too few cases or controls.

**Abbreviations:** OR, odds ratio; BMI, body mass index; CI, confidence interval; SD, standard deviation; ref, reference.

###### 

Breast cancer case--control study: 5ARI and AB exposure among breast cancer cases and matched controls

  Exposure                                                       Breast cancer cases, n=48, n (%)   Controls, n=478, n (%)   Crude OR (95% CI)                             Adj OR[a](#tfn15-clep-9-083){ref-type="table-fn"} (95% CI)
  -------------------------------------------------------------- ---------------------------------- ------------------------ --------------------------------------------- ------------------------------------------------------------
  Ever prescribed                                                                                                                                                          
   Nonexposed                                                    27 (56.3)                          278 (58.2)               1.0 (ref)                                     1.0 (ref)
   5ARI (alone or in combination with AB)                        10 (20.8)                          58 (12.1)                1.86 (0.79--4.37)                             1.52 (0.61--3.80)
   AB only                                                       11 (22.9)                          142 (29.7)               0.82 (0.37--1.82)                             0.71 (0.31--1.62)
  Combination ever prescribed                                                                                                                                              
   Nonexposed                                                    27 (56.3)                          278 (58.2)               1.0 (ref)                                     1.0 (ref)
   5ARI only                                                     2 (4.2)                            15 (3.1)                 [b](#tfn16-clep-9-083){ref-type="table-fn"}   [b](#tfn16-clep-9-083){ref-type="table-fn"}
   5ARI and AB                                                   8 (16.7)                           43 (9.0)                 1.97 (0.79--4.89)                             1.65 (0.63--4.34)
   AB only                                                       11 (22.9)                          142 (29.7)               0.82 (0.37--1.82)                             0.71 (0.31--1.62)
  Number of prescriptions                                                                                                                                                  
   Nonexposed                                                    27 (56.3)                          278 (58.2)               1.0 (ref)                                     1.0 (ref)
   5ARI (alone or in combination with AB), ;\<10 prescriptions   6 (12.5)                           22 (4.6)                 2.89 (1.03--8.12)                             2.27 (0.76--6.77)
   5ARI (alone or in combination with AB), ≥10 prescriptions     4 (8.3)                            36 (7.5)                 [b](#tfn16-clep-9-083){ref-type="table-fn"}   [b](#tfn16-clep-9-083){ref-type="table-fn"}
   AB only, \<10 prescriptions                                   2 (4.1)                            53 (11.1)                [b](#tfn16-clep-9-083){ref-type="table-fn"}   [b](#tfn16-clep-9-083){ref-type="table-fn"}
   AB only, ≥10 prescriptions                                    9 (18.8)                           89 (18.6)                1.07 (0.45--2.55)                             0.99 (0.41--2.39)

**Notes:**

Adjusted for gynecomastia (diagnosed \>2 years before index date) and prostate surgery, conditional on the matching factors.

Too few cases or controls.

**Abbreviations:** 5ARI, 5-alpha reductase inhibitor; AB, alpha blockers; adj OR, adjusted odds ratio; CI, confidence interval; SD, standard deviation; ref, reference.
